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Premise (1) – that is, where did we start from?

The EU Water Framework Directive 2000/60/EC commits European Union member 
states to achieve “good” qualitative and quantitative status of all water bodies.

The ecological and chemical status of surface waters are assessed according to the 
following criteria:

• Biological quality, based on microalgae, fish, benthic invertebrates, aquatic flora
• Physical-chemical quality such as temperature, oxygenation and nutrient 

conditions
• Chemical quality, referring to environmental quality standards for specific 

pollutants. These standards specify maximum concentrations for specific water 
pollutants. If even one such concentration is exceeded, the water body will not be 
classed as having a “good ecological status”.

• Hydromorphological quality, including river bank structure, river continuity, 
substrate of the river bed

Nico Salmaso
Seminario di presentazione del progetto Eco-AlpsWater - Sede ISPRA, Roma, 16 ottobre 2019
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In the history and implementation of the Water Framework Directive, most of the 
results in lakes were focused on the use of microalgae (phytoplankton and 
microalgae living on substrates – biofilm) as biodindicators.

Premise (2)

In this regard, biomonitoring involves the use of microalgae to assess ecological 
status, by quantifying changes in organisms. By evaluating the effects of 
environment on organisms, changes may be suspected or proved.

Illustration: www.secchidisk.org

Nico Salmaso
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3. Possono svilupparsi con ceppi 
tossici, in grado di produrre 
un’ampia varietà di tossine

Epatotossine e potenziali 
promotori tumorali Neurotossine

Dermatotossine (es. 
Aplisiatossine), irritanti e 

carcinogenici (prodotte da 
specie marine)

Cianobatteri: almeno 3 
caratteristiche negative 
principali

1. Aumentano nei laghi ricchi 
di nutrienti (tipiche specie 
eutrofiche)

2. Danno luogo a «fioriture 
algali»

Premise (3) - Importance of a correct 
identification of microalgae

Nico Salmaso
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<1 µm – 200 µm
1 µm = 1/1000 mm

Microalgae can be identified by optical microscopy 

Nico Salmaso
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Antonie van Leeuwenhoek (1632–1723)

Riconosciuto come il primo:
- Microscopista
- Microbiologo
- Scopritore di protisti (“animalculi”)

The existence of microrganisms was 
recognised in the 17th century

Nico Salmaso
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1899

1907

Pavesi, P. 1877. Intorno all’esistenza della fauna pelagica o d’alto lago anche 
in Italia. 
Bull. Entomol ., 9: 293-298.
Pavesi, P. 1879a. Nuova serie di ricerche sulla fauna pelagica dei laghi 
italiani. Rendic. R. Ist. Lomb ., 12 (16): 688-707.
Pavesi, P. 1879b. Ulteriori studi sulla fauna pelagica dei laghi italiani. Rendic. 
R. Ist. Lomb ., 12 (11-22): 474-483.
Pavesi, P. 1883. Altra serie di ricerche e studi sulla fauna pelagica dei laghi 
italiani. Atti Soc. Ven. Trent. Sc. Nat ., 8: 340-4
A. Garbini, 1899. Alghe neritiche del Lago di Garda. Nuova Notarisia, X
(…)
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2nd half 1600s -
1800s

2019

Nico Salmaso
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Microscopical identification of species 

The modern microscopical 
classification of species is based on 
the identification of discriminant 
morphological and morphometrical 
characters
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A major drawback of classifications based on 
the numerical analysis of characters 
(Phenetic) is that distantly related species 
can share morphological (and physiological) 
attributes by convergent evolution, that is 
the independent evolution of analogous 
characters in different lineages

In the oceans, the `little brown balls' have evolved independently 
at least in three distinct eukaryotic lineages (heterokont algae, 
haptophyte algae, and green algae),

Analogous 
characters

Nico Salmaso
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11

Microscopic examination of algal samples based on the 
identification of diacritical characters – DRAWBACKS!

• Overlapping morphological features

• Requires great experience, and ability to 
make use of manuals and «sparse» 
literature

• Plasticity of phenotypic characteristics that 
can vary with environmental conditions

• Ineffective for identification of the smallest 
species

• Often, results obtained by different 
observers are not comparable

Nico Salmaso
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• Overall, only 46% of the isolates (18/39) were 
morphologically identified to species level by at 
least one taxonomist 

• Of all the isolates analysed by both taxonomists, 
species identifications were in complete 
agreement for three isolates (18%, 3/17)

• Genus identifications were in agreement for six 
isolates (35%, 6/17)

Lee et al. (2014) compared the morphological and molecular 
characterisations of cyanobacterial isolates (n = 39) collected from various 
freshwater sites in Australia.

http://www.maastrichtsts.nl/advancing-microscopy/

Nico Salmaso
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Planktothrix rubescens

Planktothrix agardhii

Tychonema bourrellyi

Laghi profondi
Produce epatotossine (microcistine

Laghi di bassa profondità, torbidi
Produce epatotossine (microcistine

Laghi generalmente profondi e media profondità
Produce neurotossine (anatossine)

Rilevanza di una corretta identificazione

Microcistine

Anatossine

Nico Salmaso
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Rilevanza di una corretta identificazione

MO
In vivo, con citoplasma

MO
In vivo, senza citoplasma

SEM

Peridinium willei

Dipendenza dalle caratteristiche del campione

Nico Salmaso
Seminario di presentazione del progetto Eco-AlpsWater - Sede ISPRA, Roma, 16 ottobre 2019
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Is it really conceivable to think that further 
progress can be made in the study of 
biodiversity, ecology and monitoring using 
technologies defined over 300 years ago and 
adopted in modern ecological studies over the 
last century?

Great uncertainty in the taxonomic attribution of 
several algal groups by light microscopy, 
especially in fixed samples

Nico Salmaso
Seminario di presentazione del progetto Eco-AlpsWater - Sede ISPRA, Roma, 16 ottobre 2019
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The assessment of the ecological status in EU is facing serious 
challenges, due to the limits of the traditional time-consuming 
and expensive classical identification of aquatic biota. 
Considering the huge advance in science, innovative next-
generation sequencing monitoring tools are available now to 
complement traditional monitoring approaches and to identify 
efficient action plans for the recovery of water resources.

Nico Salmaso
Seminario di presentazione del progetto Eco-AlpsWater - Sede ISPRA, Roma, 16 ottobre 2019

La valutazione dello stato ecologico nell'UE si trova di fronte a gravi sfide, a causa dei limiti della tradizionale 
costosa e dispendiosa [incerta - incompleta] identificazione del biota acquatico. Considerando l'enorme 
progresso scientifico, sono ora disponibili innovativi strumenti di monitoraggio del sequenziamento di prossima 
generazione in grado di integrare i tradizionali approcci di monitoraggio, favorendo una migliore identificazione 
dei piani d'azione efficaci per il recupero delle risorse idriche.


